Florisil solid-phase extraction (SPE) cartridges were used for purifying ciguatoxin-contaminated (CTX-contaminated) coral fish extracts, with the aim of removing extracted lipid but retaining optimal level of CTXs in the purified fractions. The CTX-containing fraction (target fraction) in fish ether extract was isolated and purified by eluting through a commercially available Florisil cartridge with hexane-acetone-methanol solvent mixtures of increasing polarity (hexane-acetone (4:1, v:v) < acetone-methanol (7:3, v:v) < 100% methanol). Application of Florisil SPE using acetone-methanol (7:3, v:v) condition facilitated the separation of 4.2 ± 0.4 mg (mean ± S.E.M.) of purified target fraction from 20 mg ether extract with good retention of CTXs. The mouse bioassay was used to demonstrate that the average CTX recovery of the target fraction from CTX-spiked samples was 75.8 ± 3.3%, which was significantly increased by 96.7 ± 15% when compared with CTX recovery from ether extracts (44.8 ± 5.2%) without performing SPE purification. Over 70% of non-target lipids were removed, in which no CTX toxicity was found. Moreover, the target fractions of both CTX-spiked and naturally CTX-contaminated samples gave more prominent toxic responses of hypothermia and/or induced more rapid death of the mice. The use of acetone-methanol (7:3, v:v) condition in the elution could significantly improve overall recovery of CTXs, while minimizing the possible interferences of lipid matrix from co-extractants on mice.
. The application of ordinary freezing or cooking does not destroy the toxins. In spite of the high toxicity and common morbidity of CTXs, much effort has been made to deal with toxicological and therapeutic mechanisms. Their research and development are however hindered by the lack of commercial CTX standards and surrogates, as well as the insufficient ciguateric fish for toxin extraction. There are also difficulties and complexities in laboratory synthesis of toxins by culturing CTX-producing dinoflagellates (Legrand et al. 1989; Holmes et al. 1991) . The present knowledge on CTXs relied mainly on field sampling of CTX-contaminated fish for studying toxin extraction methods, mechanisms, and structures of toxin congeners. Considerable efforts has gone into development of different diagnostic methods for CTXs detection and analysis such as immunoassays and chemical analysis by LC/MS (Manger et al. 1995; Guzmán-Pérez and Park 2000; Lewis et al. 2000; Lewis 2003) . The widely recommended method for CTXs testing in coral fish samples is still based on the mouse bioassay of fish ether extracts (Hoffman et al. 1983; Vernoux 1994; Ting and Brown 2001) . Until establishment of a validated alternative analytical method for CTXs detection (Hungerford 2006 ), the mouse bioassay will still play an important role in ciguatera research and public health protection. Continuous development and improvement of the existing methodologies for this toxicity bioassay are needed for enhancing detection and accurate determination of CTXs in the fish tissues.
Florisil is a co-precipitate of silica and magnesia normal phase sorbent that has been commonly used to remove co-extracted interferences and contaminants in a variety of environmental and food samples (Lopez-Avila et al. 1989; Schenck et al. 1996) . Its slightly basic surface may facilitate the adsorption of low to moderate polarity compounds from organic solutions. It has also been adopted to purify and isolate CTX-containing fraction from crude ether extract prior to analysis by analytical instruments such as HPLC/MS (Lucas et al. 1997; Vernoux and Lewis 1997; Hamilton et al. 2002) .
In the present study we have investigated the efficacy of applying a commercially available Florisil solid-phase extraction cartridge to purify and isolate CTX-containing fraction from crude fish lipid extract, with the aim of studying the potential use of adding a clean-up step in routine laboratory test for improving the purity of coral fish ether extracts. frozen at -80 o C in Biotoxin Laboratory upon collection and were then put into 4 o C refrigerator one day before extraction.
Materials and methods

Coral fish samples preparation
Sample extraction
The fish flesh (50/100 g) was cooked at 70 o C water bath for 15 min in a water bag. Sample was cooled in refrigerator, or put in -80 o C freezer for 5 min. The cooled fish sample was minced and extracted with acetone. A lipid-soluble extract was obtained by liquid-liquid partitioning procedures as previously described (Wong et al. 2005) . The final dried lipid ether extract was stored in -20 o C freezer prior to testing.
Mouse bioassay
In order to analyze the toxicity and potential presence of CTXs in the coral fish samples, all ether extracts were first screened for CTXs using a validated mouse bioassay as previously described (Wong et al. 2005) . The mice were closely monitored (1-h interval) for 6 h after injection. Raised bottom grids with white background were inserted into the bottom of the cages for monitoring the condition of diarrhea easily. Video camera was set to record the experimental setup for at least 24 h to determine the mice survival time and toxic symptoms beyond 6 h. The mice were then monitored for another 4 consecutive days. Rectal temperature and body weight were also recorded at days 1 and 4, respectively. All experimental mice used in the study were sacrificed in accordance with stipulated ethical standards and guidelines.
Spiked coral fish samples
Among 16 coral fish samples used in this study (Table 1) , two samples (humphead wrasse (Hw3) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 after the examination. Five pieces of raw coral fish flesh (CTX-negative) including a humphead wrasse (Hw2), two squaretail coralgroupers (Sc2 and Sc2-a) and two leopard coralgroupers (Lc2 and Lc3) were spiked with pure Pacific-ciguatoxin-1 (P-CTX-1) purchased from Prof. Richard J.
Lewis (University of Queensland, Australia). The P-CTX-1 was dissolved in chloroform-methanol
(1:1, v:v) and evenly spiked into the raw coral fish flesh (500 ng P-CTX-1/100g flesh) carefully.
The spiked flesh samples were kept in room temperature for ~15 min before storage in -80 o C freezer. The samples were defrosted in 4 o C refrigerator a day prior to sample extraction.
Purification of fish lipid extract (ether extract) with Florisil
Fish ether extracts were purified using commercially available Florisil cartridges (Waters, USA).
The elution procedures were based on the method previously described by Vernoux and Lewis (1997) , and Hamilton et al. (2002) , with slightly modifications. The CTX-containing fraction was purified by eluting the cartridge with hexane-acetone-methanol solvent mixtures of increasing polarity. Briefly, ether extract (20 or 40 mg) was dissolved in 0.8 ml of hexane-acetone (4:1, v:v) and loaded onto a 125 µm 60Å Florisil cartridge pack (Waters, 3 ml, 500 mg, 0.8 ml bed volume) which had been pre-washed with three bed volumes (V b ) of acetone-methanol (7:3, v:v) and then five V b of hexane-acetone (4:1, v:v). Fraction hexane-acetone (fraction HA) was eluted into a sample vial with four additional V b of hexane-acetone (4:1, v:v) solvent mixture which was applied 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 bioassay. Each dried fraction was suspended in 0.5 ml of 1% Tween 60/0.9% saline, sonicated for 5-10 min to suspend the dried fraction, heated at 37 o C and injected carefully into mice by i.p. route.
In order to study extraction efficiency of the Florisil cartridge and potential toxicity of CTX in each fraction, different conditions of acetone-methanol solvent mixtures (9:1 and 7:3, v:v) and lipid extract quantities (20 and 40 mg) were tested for establishing optimal condition for CTX recovery and isolation.
P-CTX-1 for calibration and toxicity study
The calibration equation log (MU) = 2.3 log (1+1/T) was used to establish an in-house CTX .8% of such fraction could be obtained by using the condition of acetone-methanol (7:3, v:v) solvent mixture. According to the two acetone-methanol solvent mixture conditions applied, the latter one eluted more amount of fraction AM and the residues remained inside the cartridge (39±3.2%) was also less than those of the acetone-methanol (9:1, v:v) elution (59±8.2%).
Overall, 55±6.7% of 40 mg ether extract was eluted out while 45±6.7% of residues (ERC) were retained inside the cartridge after the purification under the condition of acetone-methanol (7:3, v:v) solvent mixture. Among the eluates, it composed of 12±3.6% HA, 15±5.9% AM, 27±5.1% M (M1, M2 and M3). The percentages of target fraction AM isolated from the 40 mg crude extracts ranged from 1.9 to 38% (0.9 to 20 mg). The average weight of target fraction AM isolated was 8.4±3.1 mg.
With regard to the clean-up efficiency of the cartridge for extracting the target fraction AM, over 70% of components from the 40 mg crude ether extracts were removed after Florisil purification under the elution of acetone-methanol (7:3, v:v) solvent mixture.
In addition to fractions HA and M3 collected from 40 mg ether extracts, there was no significant difference (P > 0.05; Student's t-test) in percentage of fractions AM, M1, M2 and ERC isolated between the application of 20 mg and 40 mg of ether extracts under the acetone-methanol (7:3, v:v) solvent mixture condition. Application of 40 mg ether extracts for Florisil purification yielded more 
Mouse bioassay analysis
In this study, 5.6 ng of pure P-CTX-1 was determined as LD 50 for 20 g mice according to the dose versus time to death relationship curve of standard P-CTX- Recovery of spiked P-CTX-1 ranged from 32.6 to 69.4% (29.1 to 62.0 MU/100g flesh) for six spiked P-CTX-1 coral fish samples including a humphead wrasse (Hw2), three squaretail coralgroupers (Sc2 Pt1, Sc2 Pt2 and Sc2-a), and two leopard coralgroupers (Lc2 and Lc3) ( Table 2) .
Analysis of the results revealed that recovery of spiked P-CTX-1 for the six fish samples averaged 44.8±5.2%. Overall, the degree of P-CTX-1 recovery also varied between the tested samples. By comparing P-CTX-1 recovery between three samples of squaretail coralgroupers (Sc2 Pt1, Sc2 Pt2
and Sc2-a), no significant difference (P > 0.05; Student's t-test) could be found between the samples from the same species of fish and between the samples taken from the same piece of fish flesh.
Significant difference in P-CTX-1 recovery (P < 0.05; Student's t-test), however, was found between the two leopard coralgrouper samples (Lc2 and Lc3) of same species. All mice injected 
Recovery of spiked P-CTX-1 from coral fish flesh after Florisil extraction
For 20 mg ether extracts that passed through Florisil cartridge, P-CTX-1 was retrieved in fraction AM by applying the acetone-methanol (7:3, v:v) solvent condition. P-CTX-1 recovery for all tested samples was improved (overall recovery increased by more than 90%) as compared with those without Florisil purification ( Similar results were also found by application of 40 mg ether extract of sample Lc3 to pass through
Florisil cartridge under both conditions (7:3 and 9:1, v:v) of acetone-methanol solvent mixture separately. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 It should be noted, however, that significant body weight changes (2.2±0.3 g decrease) and growth depression (0.0±0.9 g increase) were observed at days 1 and 4, respectively. Sublethal dose of CTXs present in sample Hw3 was then estimated to be less than 3.6 MU/100g flesh.
Intraperitoneal injection of 20 mg ether extracts of Gg into mice (n=7), during 6-hour observation period at day 0, caused a decrease in rectal temperature (Figure 2) , which ranged between 30.7 and 35.6 o C (averaged at 33.4±0.2 o C). Hypothermia (rectal temperature below 33 o C) of treated mice was more conspicuous after 3 h observation. Lower rectal temperature (34.2±0.9 o C) in mice was also detected at day 1, which returned to normal at day 4 (37.1±0.1 o C). It should be noted that significant body weight change (2.5±0.4 g decrease) and growth depression (0.5±0.7 g increase)
were also observed at days 1 and 4, respectively. Sublethal dose of CTXs in sample Gg was estimated to be 4.7−9.4 MU/100g flesh. For mice (n=2 for each set) injected with each fraction of other eluates (HA, M1, M2 and M3) from Therefore, fish samples collected from these cases are vital for checking the presence and toxicity of CTXs using traditional mouse bioassay. However, results of the bioassay often depended on toxicity responses of mice injected with crude ether extracts, which are partially purified from standard extraction of coral fish flesh. Both quantity and quality of lipid residues or components in the ether extracts may vary between different fish species and sizes. The previously described standard extraction method has a CTX recovery at ~63%, ranging between 49 and 71%, from studies using CTX-spiked samples (Lewis and Sellin 1993; Lewis 1995) . This method has also been documented to be useful in extracting CTXs from ciguateric fishes (Lewis 1995 (Lewis , 2003 . Lewis and Sellin (1993) revealed that there was no significant interference of lipids on mice if standard toxins were added to 20 mg ether extracts of unspiked coral fish. The present study showed that such matrix interference might exist by spiking the standard Pacific-CTX-1 (P-CTX-1) into raw flesh of certain coral fish. From the results of recovery test on P-CTX-1-spiked samples, the average 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 with the target fractions. This may be due to overloading of the cartridge by the 40 mg ether extract, or some CTXs were still trapped or retained on the adsorbent surfaces or lipid matrix without eluting out together with the target fractions. Poor elution efficiency and toxin recovery found by using acetone-methanol (9:1, v:v) condition could also be explained by the fact that most of CTXs were still retained on Florisil adsorbent surface before complete elution of the target analytes from the cartridge.
In order to eliminate the possibility of interferences, the maximum amount of extract used for CTX test in mouse bioassay is set at 20 mg for a 20 g mouse by intraperitoneal route (Lewis and Sellin 1993). Extraction through Florisil cartridge using the condition of acetone-methanol (7:3, v:v) solvent mixture facilitated the separation of 4.2±0.4 mg target fraction AM from 20 mg ether extracts (CTX-positive, CTX-negative and CTX-spiked samples). The target fraction collected was acceptably below the maximum level of extract required for the bioassay. Therefore, if necessary, an amount of pooled target fractions below the maximum level requirement may be administered into mice for eliciting more conspicuous toxic responses of CTXs, especially for borderline cases.
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